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COMPARISON OF NORMAL, LOAD FACTORS EXPERIENCED WITH
JET FIGHTER ATRPLANES DURING COMBAT OPERATIONS
WITH THOSE OF FLIGHT TESTS CONDUCTED BY THE
NACA DXRING OPERATIONAL TRATNING

By Harold A. Hamer, Carl R. Huss, and John P. Mayer
SUMMARY

A comparison of normal load factors measured during combat opera-
tions with those measured during an NACA flight program conducted with
fully instrumented service =zirplanes 1n operetional treining 1s presented.
Results are shown in the form of plots of measured normal load factors
egainst indicated airspeed, probabiliiy of occurrence, and average flight
time required for exceeding a glven positive or negative load factor.

The results Indicate that, for an equal number of maneuvers, normal
load factors obtained from the limited NACA flight program as well as
those obtained during other training operations are somewhat grester
than those obtalned during combat when based on the service-~limit load
factor. When the data are compared on a time-to-exceed basis, 1t is
indicated that the average flight time required to exceed a given load
factor for the NACA flight program is less than that for normsl opera~
tional training or combat data. For normsel operational training and
combat, the differences in the tilme-to-exceed values are small. This
result is different from the results cbtained for sirplenes during
World War II1 where 1t was determined that, for the same flight time,
training operations resulted 1n larger normal load factors than combat
operations.

INTRODUCTION

The Nationael Advisory Committee for Aeronautics with the coopera-
tion of the Air Force and Bureau of Aeronautics, Department of the Navy,
has been conducting a flight program with several Jet-propelled fighter-
type alrplanes in order to obtaln information on the airplane response
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and the actusl aemounts and rates of control motion used by service pilots
in performing their reguler operational tralning missions. The alrplanes
were Iinstrumented by the NACA and were flown by regular service pillots.
Preliminary data for éach of the alrplanes tested in this program: the
North American F-86A, McDonnell F2H-2, Republic F-84G, and Lockheed F-9LB
airplanes have been presented in references 1 to 5. 1In addition, a
summary of references 1 to 5 and a brief statistical anslysis of these
data are given in reference 6. Since information of this type msy be
useful for the determination of more realistic design load criteria,
questlons heve arisen as to whether the data recorded in these limited
tests are representative of the values which are experienced in combat
operations. .

This paper, which 1s considered supplementary to reference 6, pre-
sents a comparison between the avallsble normel-load-factor date which
have been obtained on F-86, F-84, end F-94 airplanes in combat operations
(refs. 7 to 9) and the normsl-load-factor data obtalned during the
shorter NACA flight program conducted with service alrplanes in opera-
tional training. Other training data (refs. 10 to 12) which involve
many more hours of flight time are also included in this paper. Air-
Plane normel load factor is the only quantity compared because it is
the only quentity other then airspeed and altitude which was measured
in combat operations. Although only normal-load-factor data have been
compared, it is possible that similar comparisons may be expected for
the other quantities defining the control motions and airplane response
given in reference 6.

SYMBOLS
N total number of load-factor peaks
EQ average value of normal load factor frequency distribution
n, measured normal load factor
Dy service-1limit positive normal load factor
P probebility
T total number of hours represented by data
t

average flight time required to exceed a glven normal losd
factor, hr .

Vi indicated sirspeed, knots
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oz coefficient of skewness of frequency distribution,

1 Z(nv - -ﬁvp
o, coefficient of kuﬁtosis of frequency distribution,

1 :E:(nv - By) _

& N

S (a, - 5082
N

G stendard deviation of frequency distribution,

SCOPE OF DATA

This paper Includes comparisons of two sets of normal-losd-factor
data for conmbat and two sets of normal-load-factor data for tralning.
One set of training data was obtained by the NACA on fully instrumented
North American F-86A, Republic F-84G, Lockheed F-94B, and McDonnel F2H-2
alrplenes during regular squadron operationel training. Data were
recorded, however, only during those flights in which the primsry mission
was acrobatics, ground gumnery, serial gunnery, or dive bombing. (See
refs. 1 to 5.) _The normal load factors presented for these airplanes
were measured with standard NACA sir-damped recording accelerometers.
The other set of training deta was obtained by the U. S. Air Force on
North American F-86A airplanes (ref. 10), Lockheed F-80A and F-80B air-
planes (ref. 11), and on F-80A, F-80B, and F-80C airplanes (ref. 12)
during operational training in this country. These data were recorded
with USAF flight analyzers. ’

The two sets of combat data are designated as "combat operations"
and "enemy engagements." The combat-operations data were recorded on
F-86E, F-86F, F-84E, F-84G, and F-G4B airplanes in Korea with USAF
flight analyzers. (See refs. 7 to 9.) Enemy-engagement data include
all the normal-load-factor values for any flight where actual contact
was mede with the enemy. The enemy-engagement flights cover a total
flight time of 231 hours and are taken from 1577 hours of combat operea-
tions with F-86E and F-86F airplanes. Combat-operations data include
the load-factor values for all combat missions and contaln enemy-
engagement data.
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The scope of the four sets of data is summarized in the following
table: ' '

Training Combat-
Combat engEZZﬂZnt
Alrplene NACA flight operations (£rom
USAF (includes
program  enemy 1577 hours of
combat
engagements ) operations)
Type Model Hours |Flights |Hours| Flights| Hours|Flights | Hours|Flights
A 14.3 2k 1 To J RS —
F-86
E and F 1265 | 1080 231 179
G 19.6 20
F-84
E and G 489 348
F-9k B 7.9 | 18 255 | 186
F2H 2 17.8 18
A snd B 1212 | 1274
F-80
A, B, and C 1044 | 1172
ATRPLANES

The F-86A, F-86E, and F-86F airplanes have the same dimensions and
the same physical characteristics, except for the horizontal tail. The
F-86A airplane has a conventional horizontal teil (with adjustable sta-
bilizer) whereas the F-86E and F-86F airplanes have the action of the
elevator end gtebilizer combined intc one unit, known as the controllable
"flying tall." The F-86F airplene is also equipped with a 6-inch—3-inch
extended leading edge. The dimensions and physical characteristics are
the same for the F-84E and P-84G sirplanes. Dimensions and physical
cheracteristics of the F-86A, F-84G, and F-94B airplanes are given in
reference 6.

}IlllllllillIllllll!L-
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RESULTS AND DISCUSSION

The results presented in this paper are in the form of V-n envelopes
and probabllity curves. The probability curves are given in two forms:
the probsbility of exceeding a given normal load factor and the average
flight time required to exceed a given normal load factor.

The frequency distributions of normal load factors and some of the
statlstical parameters representing the dats are given in tables I to III
for the F-86, F-84, and F-94 airplanes, respectively. The load-factor
data given in the tables represent peak values greater than 2 and less
than 0. For the deta of the NACA flight program, load-factor pesks were
counted by using method B of reference 6.

V-n envelopes.- In order to compare the load factors reached during
combat and tralning, the maximmm positive and negative normal load fac-
tors and the corresponding indlicated aslrspeeds for the combat and training
data are shown in figures 1, 2, and 3 for the F-86, F-84, and F-94 air-
planes, respectively. Only those polnts necessary to define the envelope
for each of the sets of data are plotted. The V-n diagrams are included
in these figures for a comparison of the test results with the service
limits of the corresponding airplene. The V-n dlagrams shown in the
figures are for sea-level conditions and for about the averasge in-flight
gross weight of each alirplane.

It may be seen in figures 1 to 3 thset the service-limit positive
normel load factor was exceeded by an appreciable amount with the
F-86 airplenes end was reached with the F-84% and F-94 sirplanes. Below
the service~limit load factor, it may be seen that the tralning snd
combet data are quite similsr as to the megnitude of normal load factor
reached at a given indicated airspeed, except for the F-OUB airplane.
In this case, the lack of large positive normal load factors at the
higher sirspeeds during combat operations is probably due to the fact
that, as stated in reference 7, the F-94B had seen only limited action
es en interceptor and therefore the date msy not be representative of
what 1s to be expected under normal combat operation. Negetive normal
loaed factors obtained during both training and combat were generally
small; however, three load factors greater than -2 were measured on the
F-86E end F-86F alrplanes during combat.

Probability of exceeding a given posltive normal load factor.- The
probebility of exceeding any positive normal loasd factor greater than 2
for each of the four sets of F-86 data is given in figure 4. The experi-
mental probabillities were calculated by dividing the summation of the
number of load-factor peaks sbove any given loasd-factor level by the
total number of load-factor pesks under consideration. The probability
was also calculated by fitting a Pearson type III curve through the data.
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(See ref. 13.) The probability curves fit the experimental points

reasonably well, except for the very large load-factor values of the

USAF training date. These large load-factor values are probably asso- w
clated with an emergency or inadvertency type of load-factor frequency
distribution which camnot be predicted on the basis of frequency dis-

tributions obtained at load factors below the limit load factor. (See

ref. 6.) The four plots show that the Pearson type III curve is adequate

for predicting the probability of exceeding any load factor up to about

the positive design limit of the F-86 airplanes.

For comparsion of the four sets of dete, the probability curves from
figure 4 are shown in figure 5. It msy be noted that the spread in the
probabllity values is small throughout the load-factor range for the
four sets of F-86 data with the spread between all the curves, at a load
factor of 6, being only of the order of sbout 2 to 1. The probabilities
for the NACA flight program and enemy-engagement data are the same and
those of the USAF training and combat-operastions dats are about the same.
The NACA flight program and enemy-engagement data appear to be somewhat
more severe than the USAF training and combat-operations data.

Since the service-limit normasl load factor for the F-86A is differ-
ent from that of the F-86E and F-86F airplanes, the curves for the four
sets of data are shown in figure 6 as probability against the load-factor
ratio ny - 2/nvs - 2, The curves are plotted In this wsgy since it is

indicated in reference 6 that the manmmer in whichk a pilot controls an

airplane is influenced by the magnitude of the service-limit load factor. <
In figure 6 the value for the service-limit normal losd factor for the
F-86A is taken as 6 and that for the F-86E and F-86F airplanes is taken

as 7 (see fig. 1) even though the service-limit normal load factor is 6
for all of the F-86 airplanes at altitudes above 15,000 feet. The F-86E
and F-86F service-limit normal-load-factor value of 7 is used because in
the combat data of reference 8 the majority of normal load factors that
were measured above 6 for the F-86E and F~B6F airplanes were recorded at
altitudes below 15,000 feet. It may be seen in figure 6 that, although
the spread between all the probsbility curves is greater than when plotted
ageinst load factor, the probability of exceeding a given percentage of
the limit load factor for the two sets of training data is somewhat higher
than that for the two sets of combat data. Although not shown, the proba-
bliity curves for. the F-84 and F-94 airplanes have similsr comparisons
between the NACA flight-progrem detas end the combet-operations deta.

In reference 6 thé data from about 3500 hours of trsining with
Jet fighter airplanes were used to cbtain a tentative standard probe-
bllity curve for trailning operations in terms of the load factor
ratio ny - 2/ny, - 2. The date and the standard training curve from
reference 6 are shown in figure 7. The experimental probabllities for .
the combat date of the F-86, F-84, and F-94 airplanes are compared with
this standerd training curve in figure 8. It may be seen that the
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probability values for the combat operations deta of the F-86 and the
F-84 airplanes are sbout the same whereas the values for the F-94 air-
Dlane are considersbly smaller. (As noted previously, the combat data
for the F-94B may not be representative of normel éombat operstion.) The
probebility values for the enemy-engagement data appear to be slightly
higher than the combai-operations data. The standard training curve
from reference 6 falls above the combat data so that, for an egqual num-
ber of- maneuvers, normal load factors obtaned in training operations

are somewhat greater than those obtained during combat when based on

the load-factor ratio ny - 2/nvs - 2.

Average flight time required to exceed a given positive normal load
factor.- A probability curve such as shown in figure 8 is one method of
characterizing the manner in which an airplane is utilized. Since 1t
indicates the proportion of all load-factor peaks which exceed a gliven
level, it may be thought of as a meassure of the severity of the opera-
tions. Another measure of the manner in which the alrplane is utilized
1s the ratio N/T, the average number of load-factor peaks per hour,
which is a measure of the activity of the operastions. Time-to-exceed
curves are a Joint measure of both severlty and activlity, because the
probability curve determines the shape and the average number of peaks
per hour determines the level. The value of the ratic N/T is influenced
greatly by the type and length of mission flown. For example, in refer-
ence 12, the number of load-factor peaks per hour greater than 2 varied
from 17 in trensition and proficiency training to 69 in low-angle-bormbing
training. This result would mean that, if the probability curves are
similar, the averege time to exceed a given load factor in transition
and proficiency .training would be four times that obtained 1n low-angle-
bombing training. On the other bhand, if the missions of two similar
alrplenes are the same but the distances to the target are different,
the time-to-exceed values would be directly proportional to the distance
to the target plus the time spent iIn maneuvering at the target.

It may be noted that, although probabilities of exceeding & given
load-factor ratio mey be higher in tralning than 1n combat for an equal
nunber of meneuvers, many more maneuvers per hour of flight time might
be obtained in combat. Thus, on a time-to-exceed basis, the flight time
required to exceed a given load factor mlght be less for combat than for
training. In figure 9, time-to-exceed values for the four sets of
F-86 data are plotted agalinst normal losd factor. The flight time
required to exceed & given normal load factor was calculated by
dividing the total number of hours represented by the data by the
product of the probabillity determlned from the Pearson type III curve
and the totael number of measured load-factor peaks. It can be seen
that the time-to-exceed values for the 1265 hours of combat operations
are somevwhat less than those for the 1150 hours of USAF tralning opera-
tions. The average flight time required to exceed a given load factor
in the USAF training operations is sbout twice that required during

L
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combat operations.l This trend is different from that obtalned for

World Wer IT airplanes where, on the basis of normal load factor, it

was determined that tralning operations resulted in lesrger normal load -
factors than combat operstions for the same flight time. (See ref. 1k.)
One contributing reason for this result msy be that the speeds of present-
day fighters are much greater and therefore the time spent in traveling
to and from the target 1s much less than that for World Wer II fighters.
The average time required to exceed a glven load factor for the NACA
flight program is slightly less than that obialned in enemy engagements,
about one-quarter of that obtained in normal operational training, and
gbout one~half of that obtained in overall combat operations.

The time-to-exceed curves for the F-84 and F-94 as well as the
F-86 airplanes during combat and training are compared on the basis of
the service-limit normal load factor in figure-10. It can be seen that
the time-to-exceed values for the alrplanes of the NACA flight progrem
are less than those of combat or the USAF tralning, a reflection of the
high values of the frequency ratio N/T (32 to T3) for the NACA flight
program ss compared with those for the combat and USAF tralning opera-
tions (12 to 24).

Probability curves for negative normal load factor.- Because of the
relatively small number of negative normal load factors obtained, as
detatled a comparison as that for positive load factors is not possible.
A Pearson type IIT curve was calculated for the set of data for the
F-86E and F-86F airplanes during combat operations and is shown in fig- ¢
ure 11 along with the experimental points for probablility of exceeding
a given negative load factor. Also shown in the figure are the experi-
mental points for the enemy-engagement dasta and the F-84 data of the
NACA flight program. Although the data for the two latter cases are
very limited, it is seen that the probability of exceeding a given nega-
tive normal load factor for these two cases is approximately the same
as that of combat operations.

In figure 12 it may be seen thet the average flight time required
to exceed a given negative normal load factor for the F-86 combat-
operations datae or enemy-engagement data is from 4 to 5 times greater
than that for the F-84 airplsne of the NACA flight program. This 4if-
ferehce in time is indicative of the greater activity for the F-84 air-
plane for which the nunber of negative load-factor peaks per hour is
1.48 as compared to sbout 0.30 for the F-86 airplanes during conbat
operations and enemy engagements. The experimental points shown in
figure 12 were obtained by dividing the total number of hours repre-
sented by the data by the summation of the number of load-factor peaks
above any given load-factor level.

lAlthough not shown in figure 9, the time-to-exceed curve for the
F-84 conbat-operations data is practically coincident with that for the
F-86 combat-operations data. _ .
S
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CONCLUDING REMARKS

Probgbility curves have been compared for normal-load-fasctor data
obtained during combat and training operations with jet-fighter-type
alrplanes. TFrom the results presented in this paper it has been shown
that, for an egual number of maneuvers, noraml losd factors obtalned
from tralning operations are slightly greater than those obtained during
combat when based on the service-limit load factor. Therefore, the
tentative standard probebility curve for Jet-fighter-alrplene training
presented in reference 6 appears to be applicable to combst conditions.
Although only normal-losd-factor data have been compared, it is probable
that simlilar comparisons may be expected for the other gquantities
defining the control motions and airplsne response given in NACA
RM 1531.28. B

When the data are compared on a time-to-exceed basis, it is shown
that the average flight time required to exceed a given load factor for
normal operational training or combat is from 4 to 10 times that required
for the limited NACA flight program. It is indicated that time-to-
exceed values may be consliderably influenced by the type and length of
mission. The differences between the average flight time required to
exceed a given load factor in normal operational training and in combat
operations are small. This result 1s not, the same as that obtained for
airplanes during World War II where it was determined that, for the same
flight time, treaining operations resulted in larger normal loed factors
than combst operations.
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TABLE I.- FREQUERCY DISTRIBUTION OF NCRMAL LOAD FACTOR FCR F-86 AIRFLANES

(a) Positive normal load factor
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TABLE II.- FREQUENCY DISTRIBUTION OF NORMAL

LOAD FACTCR FOR F-8l ATRPLANES
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TABLE III.- FREQUENCY DISTRIBUTION OF NORMAL

LOAD FACTOR FOR F-94 AIRPLANES
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Figure l.- Comparison of measured normal load factors obtained during
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